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Two different case studies were examined to determine how different liner
structures or plastic additives affect torque degradation. The first case study examined
how torque is affected with and without the use of a zinc stearate plastic additive. The
second case study examined how torque retention differs between a synthetic liner and a
pulp board backed liner structure. Both torque studies provided a starting point for the
application torque range for use in production. The torque studies were used to outline
the necessary application torque so that the child resistant closures obtain and maintain
the proper torque level over time through to the end user. The torque testing was also
















Designing a Torque Study 27
Recommendations for Further Studies 28
References 30
Appendix A - Zinc Stearate Case Study Data 31
Appendix B - Synthetic Liner Case Study Data 47
Appendix C - Zinc Stearate Case Study Degradation Graphs 69
Appendix D - Synthetic Liner Case Study Degradation Graphs 72
List of Figures
Page
Figure 1. Liner Structures 13
Figure 2. Owens Illinois Clic-Loc III Cross Section 13
Figure 3. Owens Illinois Clic-Loc III Closure 16
Figure 4. Vibrac Torqo 17
Figure 5. Zinc Stearate Case Study
- 12 in/lbs Degradation Graph 21




Table 1. Sequential Test Pass/Fail CR Table 2
Table 2. Removal Torque Data -Zinc Stearate Case Study 19
Table 3. Zinc Stearate Case Study t-Test Summary 20
Table 4. Removal Torque Data - Synthetic Liner Case Study 23
Table 5. Synthetic Liner Case Study t-Test Summary 23
Introduction
Importance of Torque
Over the counter drug packaging with a bottle/closure system has many important
quality items that need to be addressed during the development stage. An item of
extreme importance is torque. Torque in a bottle/threaded closure system affects three
major areas. These are child resistance, senior friendliness and packaging integrity.
Child resistance (CR) is gained from having a child resistant closure applied with
an appropriate amount of torque to prevent entry from a child. Child resistance testing is
always performed on over the counter products (minus the one package put up that is
allowed per product family to be non-child resistant). For a new bottle/closure system,
samples are prepared with different application torques. Testing results show what
minimum application torque is required to have a child resistant package. The Consumer
Products Safety Commission (CPSC) governs child resistant packaging. CR packaging is
covered under Title 16, part 1700-1750 of the U.S. Code of Federal Regulations
(http ://www . contractpharma.com/JanFeb032 . htm) .
CR testing begins with a panel of 50 children ranging from 42-5 1 months old.
Children are divided into the following ages and gender: 30% must be from ages 42-44
months, 40% must be from ages 45-48 months, 30% from 49-5 1 months and they must
be 50% boys and 50% girls. One tester may test only 30% of the children. A site can
only be used for 20% of the children. Children are given a 5
minute demonstration that
includes the demonstrator opening the package with his or her
teeth. Children are then
tested in groups of 50. The children have 10 minutes to open the package. A failing
result is when a child is able to open the package or gain access to the contents. See
Table 1 for a breakdown of how many packages are required to pass or fail to receive
passing results. Once passing results are obtained, the package is deemed child resistant
and there is no need to continue the test
(http://www.cpsc.gov/BUSINFO/pppa/pppa06.pdf).
Table 1






Package Openings ( 0 minutes)
Pass Continue Fail
1 50 0-5 6-14 15+
2 100 6-15 16-24 25+
3 150 16-25 26-34 35+
4 200 26-40 - 41+
Note: http://www.cpsc.gov/BUSINFO/pppa/pppa06.pdf
Senior friendliness is also a very important aspect to consumer products. Senior
friendly torque testing is performed to identify where seniors have the ability to gain
entry into a package. From this data we find the maximum allowable torque level. It is
very important not to exceed the maximum torque level. If a package isn't able to
obtain
senior friendliness, consumers may find the package frustrating and difficult to open.
The un-senior friendliness can then result in lost sales and a poor reputation for that
company's products.
Senior friendliness testing consists of testing 100 adults ranging in ages from
50-
70 years old. The ages must be divided up as follows: 25% from ages 50-54, 25% from
ages 55-59, 50% from ages 60-70, and 70% must be women. One tester may test only
35% of the adults. A site can only be used for 24% of the adults. Testing consists of a 5
minute and one minute test period. The 5 minute test period is for the adult to figure out
how to open the package. If the adult is unable to open the package, they are given 2
non-child resistant packages. If they cannot open the non-child resistant packages their
results are not counted for the study. After an adult has successfully figured out how to
open the package, they are given one minute to re-open and properly close and secure the
package. Test results of 90% or better must be obtained for a package to be considered
senior friendly (http://www.cpsc.gov/BUSINFO/pppa/pppa06.pdf).
In order to properly test out a production range for torque, with regards to child
resistance and senior friendliness, the worst case scenarios must be used for each test.
Child resistance testing identifies the lowest application torque possible while retaining
the child resistant features. Senior friendliness testing identifies the highest application
torque while still maintaining senior friendliness. This will define your application
torque range for manufacturing so that you have both a child resistant and senior friendly
package.
Package integrity is the ability for a package to properly contain a product without
leaking and have a corresponding water vapor or oxygen transmission rates to
appropriately protect a product over a desired shelf life time period.
Package integrity for
a bottle/closure system is directly affected by torque. In pharmaceutical packaging,
package integrity is critical to maintain shelf life. Torque plays an important role in
water vapor and oxygen transmission rates (WVTR and OTR) for bottles. If the contact
surface of the closure, and corresponding liner, is loosely making contact to the land of
the bottle, product leakage and a poor OTR and/orWVTR may result.
WVTR and/or OTR studies should be performed on packages during the package
development phase to understand how the bottle and closure interact. Multiple OTR
and/orWVTR tests should be put up with varying amounts of
torque. It is recommended
to put up each study using bottles and closures produced from the same cavity of a mold;
this will help reduce variation or extra noise during the test. From the results of the OTR
orWVTR testing, we can then see how torque affects the OTR andWVTR rate. If a
closure is induction sealed, the OTR andWVTR may not differ greatly from test to test.
If you then compare application torque to the OTR andWVTR levels, it's possible to
define an application torque based on a product's sensitivity to water and/or oxygen
permeation levels.
Torque tends to drop over time. This loss in torque is called torque degradation or
"back
off."
There are many reasons that cause torque "back off. Different liner
structures have varying degrees of compression and induction sealing heat resistance,
which leads to torque loss. The tolerance around the injection-molded components could
cause a wide range in removal torque values. Keeping a tight enough tolerance is crucial
around the closure and bottle thread, although the tolerance cannot be so small that the
manufacturer cannot produce a product. Another factor in torque loss is the type of
additives used in the plastic for both the closure and the bottle.
A torque study using ASTM D 2063-91 is necessary to see when torque
degradation is maximized. From those results, along with the child resistance and senior
friendly study, a proper application torque value can be determined. This value should be
between the lowest child resistant torque value and highest senior friendly torque value.
Even though the torque study is simplistic in nature, the importance of having the correct
torque is very important.
For a closure to seal properly against the land of a bottle, the closure must be
applied and torqued correctly. The recommended application torque for the purpose of
induction sealing is approximately one-half the diameter in millimeters (mm) of the
closure; this is measured in inch-pounds (Buchanan, 5).
Plastic Additives
Plastic bottles have many additives that can be used for different purposes during
injection molding or injection blow molding. Three significant types of additives that can
affect torque: flow agents, colorants and ultra-violet (UV) inhibitors.
Flow agents can be used to allow the plastic to move evenly around a mold during
the injection molding process. This aids in achieving uniform wall thickness. Wall
thickness plays a crucial role in the barrier properties of the bottle.
Flow agents can negatively impact torque. Blooming is a phenomenon that
occurs when an additive is totally dissolved in the plastic during molding, but is partially
soluble at ambient temperature. When this occurs, some of the additive can collect on the
surface during cooling. Blooming has a direct relationship with the concentration of the
additive solubility at both the ambient and processing temperatures (Brydson, 121). If
blooming occurs while using a flow agent, the bottle could potentially have low torque
values. This is due to the inherent low friction on the surface of the bottle threads.
Colorants are used in four different methods for coloring plastic bottles. These
four methods are: surface coating, mass coloration, surface dyeing, and the introduction
of color-forming groups into the plastic molecules (Brydson, 145). The methods used for
injection-molded components for pharmaceutical applications are mass coloration and the
introduction of color-forming groups into the plastic molecules. Blooming can still occur
while using these methods, causing colorants to come to the surface and potentially cause
lower than expected removal torque values.
Colorants can be used for a variety of reasons. Food and pharmaceutical products
can be light sensitive and may require colorants to block light. Colorants are also added
for cosmetic reasons and shelf appearance for consumer products.
UV light absorbers are used in a number of food and pharmaceutical applications.
They are used to help lengthen shelf life on light sensitive products (Bryce, 56).
Ingredients sometimes degrade from direct or even infrequent sunlight. UV light
absorbers are now being used in bottles to allow for the total removal of an outside carton
that once previously blocked light.
Liner Systems
Liners can be constructed out ofmany different materials. Lined closures can be
used to provide a tamper evident seal, prevent product leakage and also be utilized to
provide an additional oxygen or moisture barrier to aid in package integrity. A low cost
alternative to a lined closure is a linerless closure.
Liners can be made from a variety ofmaterials. These include: aluminum,
various heat seal coatings, pulp board, paper, plastic, plastic skins and different foam
blends. Liners structures are specifically developed depending on the bottle/closure
system. A traditional liner is made from three components: aluminum foil, wax and pulp
paper. The pulp is bonded to the aluminum with wax much like a "Temporary Post-It
Note"
(Radek, 4). A traditional aluminum foil liner works in a very interesting way. As
the aluminum is excited by radiation from the induction sealing unit, the wax is melted
and absorbed into the pulp backing. Normal wax absorption temperatures are between
105 and 125 degrees Fahrenheit. New synthetic liners work in a similar way, but are
constructed of different materials. Due to heat sensitivity, synthetic liners can have a
relatively low operating range for induction sealing. Fusing of the bottle land and liner
may result when induction sealing a liner consisting of foam and aluminum. When
sufficient heat is generated and two compatible plastics are heated to a relative melting
point, fusing of the liner and bottle land may occur. The end result is a very high removal
torque.
Different liner systems play different roles, depending on the necessary
application. Food and pharmaceutical liner packaging needs vary from product to
product. Some liners are required to provide a high barrier and aid in achieving adequate
torque levels. Other products may have adequate preservatives or pH levels and the liner
doesn't need to provide anything more than a tamper resistant feature and allow for child
resistant torque levels; these products should not require a high barrier material. Liners
can be used for sealing in contents to help preserve products with an induction seal. The
seal also aids a manufacturer by reducing or eliminating leaking bottles throughout the
distribution process to the retail shelf. An aluminum induction seal on a high barrier
plastic bottle can create a package with a very low water vapor or oxygen transmission
rate, allowing for moisture or oxygen sensitive products to be packaged in a low cost
package on a high-speed line.
A look at consumer pharmaceutical and food products reveal that companies are
always moving forward with new formulations of products, trying to improve taste or
formulate new flavors. For taste improvement, preservative levels, pH and sweetener
levels are changed. These changes can sometimes cause challenges for passing
microbiological testing. With a traditional pulp liner, the pulp layer is usually around
0.035 inches. This pulp provides a perfect breeding ground for microorganisms. To
prevent microbial growth with these new formulations, a synthetic liner is desired.
Synthetic liners, made of foam and a thin machined paper layer for wax release, work
well because there isn't a thick enough surface for microorganisms to grow on. The
paper becomes saturated from the tack wax after induction sealing occurs. The saturated
wax, along with the all-synthetic portion of the liner, is impervious to microorganisms.
The federal regulation around pharmaceutical testing is increased every year, and
synthetic liners will help products stay ahead of the testing process as new
microorganisms are challenged.
Some bottle/closure systems are linerless. A linerless injection molded closure
has a sealing feature molded directly into the top inside of the closure. Two popular
styles for linerless closures are a plug style and a crab claw design. Because the closure
is linerless, it eliminates one step in the converting process, which in turn reduces the
overall cost to produce the closure. Because of low profit margins in the food and
beverage industry, linerless closures are frequently used. Linerless closures do require
more attention during the engineering phase to make certain that molding dimensions hit





molded to specification, the package may not seal properly.
Line Testing
After an application torque range has been developed from child resistant, senior
friendly and torque testing, line testing is required to work out any production problems.
Bottles need to be run and filled with product through the capper, induction sealer and
re-
torquer.
The first piece of equipment to evaluate is the induction sealer. If the line has
multiple filling or running speeds, it is necessary to run at all speeds and adjust the
induction sealer current to seal correctly. Visual inspection should be performed looking
for equipment induced defects. Unsealed liners or leaking bottles will occur while
running at the highest line speed with the lowest induction current. Liners can burn or
fuse to the bottle land while running at the lowest line speed and highest induction
current. Both extremes should be tested. Visually inspect a few bottles and adjust the
induction current up or down to properly seal the liner. Samples should then be visually
inspected for defects while running over a period of time. A statistical number of test
samples should be determined from the acceptable quality level for a primary component
defect using the Military Standard 105E. The operational range for the induction sealer
can then be established after successfully testing both extremes.
After the induction sealing range has been established, the mid point is used to
determine the target for the current percentage for the induction sealer. After the target
has been identified, a large visual inspection should be completed to ensure that defects
are not occurring from the application torque and that the induction seal is properly
sealed.
Variables on the packaging lines can cause difficulty in putting together a
successful operating range for a package structure. In a hypothetical situation, a liner
structure could weld successfully between 70 and 80 percent power (on the induction
sealer) with ideal bottle spacing and line speed. It is possible that at 70 percent power, a
continuous stream of tightly spaced bottles may not seal after passing under the induction
sealing unit. The possibility also exists that at the upper end of
the operating range one
bottle passing under the induction sealer might experience an excessive weld and fuse the
cap to the bottle. If problems are encountered during the package development process, a
new liner material or packaging equipment should be considered.
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Case Studies
Two different torque studies will be evaluated. Torque testing is relatively
simple, but necessary, giving the importance of child resistance and senior friendliness.
Child resistance is necessary for any kind of potentially poisonous consumer product or
over the counter drug.
Both case studies use the Owens-Illinois Clic-Loc III closure. The closures are
child resistant and lined. The two-piece closure exceeds the U.S. government test
requirements for child resistance and senior friendliness. The closure only opens with a
simultaneous action of pushing and turning. Application of the closure is simply done by
turning the closure clockwise like any other continuous threaded closure. To re-engage
the child resistant feature, the closure must be re-secured tightly. The Owens Illinois
Clic-Loc III closure conforms to Federal regulations, Title 16, Chapter II, Subchapter
E, 1700, Paragraph 1700.20 as amended 7/21/95 (Owens-Illinois, 3).
The first torque study is the comparison of torque for two identically shaped
polypropylene bottles, one with and one without zinc stearate, using the same
closure/liner system. Zinc stearate acts as a flow and slip agent. The use of zinc stearate
allows polypropylene bottles to have a more uniform wall thickness and, as a result,
allows for consistent water vapor transmission rates from all cavities in a mold and from
lot to lot production. In pharmaceutical and food applications, this is necessary for
obtaining a physicalWVTR amount and maintaining consistency to get a product to
market. Because the package system requires a child resistant closure, it is necessary to
understand how torque will be impacted with the addition of zinc stearate to the
11
polypropylene. If the zinc stearate impacts torque degradation too much, the additive
would not be used. Failing torque levels could potentially lead to failed CR testing.
The second study is a comparison of two different induction sealed liner systems.
All bottles used for this study are identical. The use of a synthetic liner is desirable in
pharmaceutical and food applications to limit the amount of preservatives in
formulations, thus improving taste. A traditional pulp board liner used with a package for
a formulation without adequate preservatives could potentially cause microbial failure.
The thick pulp board forms pockets when exposed to certain liquid products, providing a
perfect environment for microorganisms. The synthetic liner still uses a layer of paper
for wax release in the induction sealing process, but it is only
0.005"
thick. The paper is
bonded to a C25P foam (Polyethylene foam), which is glued into the closure (see Figure
1 and Figure 2). In an initial evaluation, it was felt that the amount of torque degradation
from the compression of the C25P foam might make this liner structure unusable. The
pressure from the initial torque and heat from the induction sealing process cause the
C25P foam to compress. If this structure has too much torque "back off, it could be
unsuitable for use with a child resistant closure.
The pulp liner structure could be used without induction sealing, but a tamper
evident feature would still have to be present (the FDA requires at least one tamper
evident feature). If the liner weren't induction sealed, a different tamper evident feature
would add another piece of equipment to the line as well as another component to the
final package. The additional equipment and component required to add a tamper evident






















Figure 2. Owens Illinois Clic-Loc III Cross Section
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Hypothesis
Zinc Stearate Torque Case Study
Torque equivalence between the two bottles should be proven. The zinc stearate
bottles have a glossy appearance compared to the non-stearate bottles, but the amount of
zinc stearate should not affect the torque. The 2% let down used in the bottle is
considered a "pinch of
salt"
in the plastics industry (G. Meade, Personal interview,
February 5, 2004). The 2% let down is defined as the amount of zinc stearate that is
added to the colorant package. The colorant package is approximately two pounds per
100 pounds of resin used during the molding process. Two percent of one third of the
two pound colorant package is zinc stearate. The remaining 98% of the one third of the
colorant package are other additives and colorants. The remaining two thirds of the
colorant package is the carrier resin (polypropylene). The total zinc stearate percentage
used to mold one bottle equates to approximately 0.013%. The 2% let down should not
cause blooming, and it was thought that it would not negatively impact removal torque.
The zinc stearate bottle appeared shiny and slippery. Given the appearance of the
bottle and the technical understanding of zinc stearate, it was thought that a torque study
was required to rule out any potential problems as the package moved forward with
development. If the zinc stearate did show a negative impact, another additive would be
selected or alternate bottle materials would be evaluated.
The hypothesis for this case study is that torque equivalency will be reached. It is
thought that zinc stearate will have no bearing on torque.
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Synthetic Liner Torque Case Study
In an initial lab evaluation for immediate removal torque, the synthetic liner
system appeared to be highly temperature sensitive and it was anticipated that removal
torque values would be very low. The heat sensitivity would also be evaluated to see if
induction sealing causes fusing of the C25P foam to the land of the polypropylene bottle.
Fusing of the foam to the land of the bottle would cause excessively high removal torque
values. There was no observation of the C25P foam fusing to the land of the bottles
during the initial lab evaluation.
The initial lab evaluation shows us that the synthetic liner causes a larger amount
of torque "back off when compared to the traditional pulp backed liner. The torque
"back off is necessary to understand so that we can determine if the liner structure is
usable. If low removal torque values are observed, the ability to retain child resistance
and package integrity could be compromised.
The large number of samples used for the torque degradation study will drive out
the potential issue of the C25P foam fusing to the land of the bottle. If fusing of the
C25P foam to the land of the bottle is observed during the torque degradation study, the
liner will not be used.
Given the initial lab evaluation, the hypothesis for this case study is that removal
torque values between the two different liners will be significantly statistically different.
Because the C25P foam is an expanded polyethylene foam, it would require a high level
of heat to fuse the synthetic liner to a polypropylene bottle land. The hypothesis for
fusing of the C25P foam to the polypropylene bottle land is that it will not be observed
during the torque degradation study or be an issue if the liner were used in production.
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Components and Methods for Evaluation
Components
Zinc Stearate Case Study:
Plain Bottle: Style: Square, 4 oz, resin: (Polypropylene) Marlex RMN-020, 24-400
size/finish, shallow continuous
"M"
style thread, injection blow molded.
Zinc Bottle: Style: Square, 4 oz, resin: (Polypropylene) Marlex RMN-020, Additive:
Zinc Stearate NCI 309, flame treated body, 24-400 size/finish, shallow
continuous
"M"
style thread, injection blow molded.
Closure: Owens Illinois Clic-Loc III, 24-400 size/finish, shallow continuous
"M"
style thread, inner resin: Phillips HLN-120-01, outer resin: Chevron
Phillips HiD 9018, Liner: Selig
0.030"
C25/FSLE 4-6, injection molded
inner and outer. (See Figures 1, 2 and 3)
Synthetic Liner Case Study:
Bottle: Style: Round Narrow Mouth, loz, resin: (Polypropylene) Atofina 3230,
22-400 size/finish, shallow continuous
"M"
style thread, injection blow
molded.
Selig Lined Owens Illinois Clic-Loc III, 22-400 size/finish, shallow continuous
Closure:
"M"
style thread, inner resin: Philips HLN-120-01, outer resin: Chevron
Phillips HiD 9018, Liner: Selig
0.030"
C25P/FS 4-6, injection molded
inner and outer. (See Figures 1, 2 and 3)
Unipac Lined Owens Illinois Clic-Loc III, 22-400 size/finish, shallow continuous
Closure:
"M"
style thread, inner resin: Philips HLN-120-01, outer resin: Chevron
Phillips HiD 9018, Liner: Unipac SG-101, injection molded inner and









The application and removal torques were performed with a Vibrac Torqo Torque
Tester, Model: 1502-20CR (see Figure 4). Testing was performed by David G. Moszak.
Figure 4. Vibrac Torqo
Note: http://www.vibrac.com/products/captorque.asp
The application forces of 6, 12 and 16 in/lbs were chosen for the two studies.
Readings for removal torque were: 0 min., 5 min., 24 hours, 48 hours, 1 week, and 2
weeks. The application torque(s) were chosen because of historical child resistant data
with the same Owens Illinois Clic-Loc III closure. The removal times were chosen for
the following reasons:
0 min - To see how much torque is initially lost directly after application
17
5 min - To capture data that could potentially be used later during on-line inspection
24 hours - Halfway point to theoretical full torque degradation
48 hours - Theoretical point of full torque degradation
1 week - First reading to verify full torque degradation
2 weeks - Second reading to show full torque degradation
These times were derived from ASTM D2063 (Standard Test Method for Measurement
of Torque Retention for Packages with Continuous Thread Closures).
The closures were loosely applied by hand. The zinc stearate study did not utilize
the induction seal. The Selig and Unipac liner comparison was induction sealed by a
Lepel induction sealing unit. Closures were then torqued to the appropriate level using
the Vibrac Torqo.
Torque was measured using a Vibrac Torque Analyzer. The Vibrac Torqo is a
durable and reliable computerized cap torque analyzer, which is setting a new standard
for torque measurement throughout the packaging industry. With its on-board
microprocessor, the Torqo makes torque testing simple and accurate
(http://www.vibrac.com/products/captorque.asp). This machine was selected for use
because of the repeatability and accuracy of the machine. The Vibrac was chosen over
both a Sure Torque and Hand Torque analyzer because of the Vibrac 's two decimal point
resolution, while the Sure Torque and Hand analyzer only have a one decimal point
resolution. The Vibrac torque analyzer used is on a regular six-month calibration
schedule and is verified on a monthly basis. It is also thought that the repeatability for




Zinc Stearate Case Study
Actual Zinc Stearate Test Procedures:
Closures were applied to 32 test samples to target application torques of 6, 12 and
15 in/lbs (with the Vibrac) for both bottle types for all removal time periods. 16
in/lbs was attempted, but was causing internal finger failure in the two-piece
Owens Illinois Clic-Loc III, making the closure very difficult to remove.
Removal torque values were obtained on the same Vibrac at the following time
increments: Immediate, 5 minutes, 48 hours, 1 week and 2 weeks.
Summary of Data:
It appears that the addition of zinc stearate has an impact on the immediate
removal torque values. This was consistently seen at the three different application
torques. Over time this difference converges to where the removal torque values are
equivalent at all three application torques. The values listed in Table 2 show how torque
is variable and unpredictable. The 12 and 15 in/lbs portions from the 5 minute time
increment forward are generally in favor of the zinc stearate bottles, while the opposite is
true for the 6 in/lbs data.
Table 2





5 in/lbs Target Application 12 in/lbs
(Zinc J Plain
Target Application 15 in/lbs
Zinc | Plain
OMin Ave 4.37 | Ave 5.08 I Ave 8.97| Ave 9.70 Ave 10.89 | Ave 11.93
5 Min Ave 4.17 | Ave 4.10 | Ave 8.22| Ave 9.42 Ave 10.45 | Ave 9.94
48 Hours Ave 3.54 | Ave 3.67 I Ave 6.72 1 Ave 6.69 Ave 8.44 | Ave 8.19
One Week Ave 3.42 | Ave 3.66|| Ave 6.47[ Ave 6.22 Ave 8.31 | Ave 7.33
Two Weeks Ave 3.45 | Ave 3.63| Ave 6.15| Ave 6.00 Ave 7.44 | Ave 7.46
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An F-test was performed on each data set to determine equal or unequal variance.
An un-paired Student's t-Test was then performed using the results of the F-test
comparing the removal torques of bottles with and without zinc stearate at the time
intervals listed below in Table 3. The un-paired Student's t-Test is equivalent to a one
way ANOVA (ANalysis OfVAriance) used to test for a difference in means between two
groups (http://www-micro.msb.le.ac.uk/1010/101 l-20.html). Results are based on a 95%
confidence interval. Table 3 shows that equivalency was reached at the two week time
point for all application torques. The two week time point is the most important time
point because it is the point of theoretical full torque degradation. The other time points
are of interest for on-line torque evaluation during production or post production quality
sampling.
Table 3
Zinc Stearate Case Study t-Test Summary
Tq. (in/lbs) 0 Min 5 Min 48Hrs 1 Week 2 Weeks
6 U E E E E
12 U U E E E




Figure 5 shows that the torque degradation is very linear. The liner degradation
helps us understand that the addition of the zinc stearate to the polypropylene doesn't
negatively impact torque. The non-stearate bottles have an almost identical torque
degradation curve. Because the torque degradation curves are so alike, zinc stearate will
be used in the production bottles for this product. 12 in'lbs is the desired target



















5 min 48 Hr
Time
1 Wk
2nc Axe. Plain A\e.
2Wk
Figure 5. Zinc Stearate Case Study
- 12 in/lbs Degradation Graph
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Synthetic Liner Study
Actual Synthetic Liner Test Procedures:
Closures were hand applied, induction sealed and then torque was applied to a
target of 6, 14 and 16 in/lbs (with the Vibrac) for both closures for all removal
time periods. 16 in/lbs was obtainable on the Vibrac with the use of a new 22-400
chuck. 14 in/lbs was used instead of 12 in/lbs as was proposed at the start of the
test. This was due to an initial packaging line trial that proved a higher
application torque was obtainable and would be used as a target application for
production. Data was desired at that application torque.
Removal torque values were obtained on the same Vibrac at the following time
increments: Immediate, 5 minutes, 24 hours, 48 hours, 1 week, 2 weeks and 4
weeks.
Summary ofData:
It appears that the Selig liner has an impact on the immediate removal torque
values. The average torque values listed in Table 4 and illustrated in Figure 6 show a dip
and recovery as time progresses. This is most likely due to the synthetic materials used
in the liner. The C25P foam deforms under heat from the induction sealing process. The
foam deformation is temporary. As the Selig liner regains shape over time, the removal
torque values show equal to or better performance to the Unipac lined closure. The un-
equivalent points at the four week time point listed in Table 5 are in favor of the Selig
liner (removal torque values were higher). There were no excessive torque removal
values or fusing of the C25P foam to the polypropylene bottle land observed for the Selig
22
liner during testing. The two week time point is the most critical because it is the
theoretical point of full torque degredation.
Table 4
Removal Torque Data - Synthetic Liner Case Study
Removal Time
Increment
Target Application 6 in/lbs
Selig Unipac
Target Application 14 in/lbs
Selig Unipac
Target Application 16 in/lbs
Selig Unipac
OMin Ave 4.36 Ave 4.61 Ave 11.33 Ave 10.67 Ave 12.67 Ave 11.01
5 Min Ave 4.40 Ave 4.14 Ave 10.38 Ave 10.10 Ave 12.08 Ave 11.31
24 Hours Ave 3.18 Ave 3.16 Ave 7.43 Ave 8.54 Ave 8.81 Ave 9.02
48 Hours Ave 4.53 Ave 4.27 Ave 9.86 Ave 9.13 Ave 11.11 Ave 10.11
One Week Ave 4.35 Ave 4.97 Ave 9.34 Ave 9.17 Ave 10.92 Ave 10.26
Two Weeks Ave 3.96 Ave 4.15 Ave 8.72 Ave 8.90 Ave 9.93 Ave 9.90
Four Weeks Ave 4.08 Ave 3.55 Ave 9.18 Ave 8.44 Ave 9.95 Ave 9.32
Table 5
Synthetic Liner Case Study t-Test Summary
Tq. (in/lbs) 0 Min 5 Min 24Hrs 48Hrs 1 Week 2 Weeks 4Weeks
6 U E E E U E ^_ E
14 U E U U E E U
16 U U U U U E U
E = Equivalent
U = Un-Equivalent
The dip and recovery was also noticed in the Unipac liner. This is illustrated in
Figure 6. This could also be attributed to the induction sealing process with a temporary
compression of the liner. The liner then relaxes over time and has a temporary positive
impact on torque up to the 48 hour time point. Torque then degrades normally
to the two
week time point.
An F-test was performed on each data set to determine equal or unequal variance.
An un-paired Student's t-Test was then performed using the results of the F-test
comparing the removal torques of closures lined with




C25P/FS 4-6 at the time intervals listed below in Table 5. Results are based






























OMin 5 min 24 Hr 48 Hr
Time
1 Wk 2Wk 4Wk
-Selig Ave. Unipac Ave.
Figure 6. Synthetic Liner Case Study
- 14 in/lbs Degradation Graph
24
Discussion
Zinc Stearate Case Study
The data suggests a trend that the removal forces of the zinc stearate and non-zinc
stearate bottles become equivalent over time regardless of the application torque. The
lower the application force, the faster they became equivalent; the higher the application
force, the longer they take to become equivalent.
Given the equivalence of the data at the two week time point, it has been decided
that the use of the zinc stearate bottle in this pharmaceutical application is acceptable.
The child resistant feature will not be hampered in any way. The probability of passing
child resistance testing is high. The removal torque values from this study are in line
with historical performance of the Owens Illinois Clic-Loc III closure with use on a
polypropylene bottle.
Synthetic Liner Case Study
The data suggests that the compression of the C25P foam in the Selig liner during
induction sealing causes more immediate torque degradation than the pulp liner in the
Unipac closure. At the two week time point torque degradation begins to even out.
Because the torque degradation at the two week point and beyond are in favor for
the Selig liner, it will be used in production.
Further line testing showed that the Selig liner target application torque of 14
in/lbs would not be used. The application torque that will be used is 10 in/lbs. The target
induction seal current percentage was found to be 15% higher than that of the Unipac
liner. After the target induction current was established, approximately 50,000 bottles
were ran on line to prove the liner would be robust enough for production. Visual
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testing, specifically looking for liner swirling, finger failure (which causes failure of the
closure's opening feature), and burning of the synthetic upper (C25P foam), was
randomly conducted on over 3,000 packages. The 14 in/lb application torque proved to
be too high. Liner swirling and foam shear (foam coming out of the closure) occurred in
a very low percentage. Even though the liner swirling and foam shear (glue bond that
holds the upper portion of the liner inside the cap is broken) were observed at low
percentages, it would be unsuitable for use in a pharmaceutical or food package. If seal
integrity is compromised in any way, drug stability or food shelf life testing could result
in failing results and jeopardize the launch or shipping of products. The target
application torque was adjusted to 10 in/lbs, and no further liner swirling or foam shear
was observed.
It was felt that the combination of the high application torque and higher
induction current needed to properly seal the liner caused temporary deformation of the
C25P foam. The re-torque operation was then thought to cause the deformed upper foam
(C25P foam) and the aluminum to swirl and cause the foam to shear. The reduction of
the application torque reduced the liner deformation, which allowed for proper re-
torquing without damaging the liner.
The Selig liner is the next generation in sealing technology. Pulp backed liner
systems have been around in liquid packaging for decades. Pharmaceutical and food
products require inert materials like those found in the Selig C25P/FS 4-6 to obtain
longer shelf life dating and to avoid microbial growth.
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Conclusion
Designing a Torque Study
Environmental factors and mold-to-mold variation cause removal torque values to
be very difficult to predict. Even though these factors exist, a torque study can be
designed properly.
If a large enough sample set is used, the variation can be muted. A statistical
sample set of 32 or greater should be used. This allows for average values to be
representative of what could be expected across a larger sampling, such as a production
run.
Based on the differences of the two different torque studies, the more data points
collected, the more one can understand about the expected performance of the closure.








Application torque will depend on the size of the closure. The target application
should be approximately 1/2 the thread diameter in in/lbs. For example, a 20mm closure
would have a theoretical target application torque of 10 in/lbs. The low target application
torque should be the lowest value that still allows for child resistance. The high target
application torque should be the maximum recommended by the manufacturer.
The testing equipment is a very important factor in the test method. The
repeatability and reliability of the Vibrac is excellent, and this machine is strongly
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recommended over a hand torque analyzer. A hand torque analyzer does not have the
repeatability of the Vibrac because of the human factor. The speed of the application
torque is controlled on the Vibrac while the hand held torque analyzer will be very
random with greater variability occurring among users. If a Vibrac cannot be used, then
the next preferred piece of test equipment would be a Sure Torque torque analyzer.
A torque study can be tailored according to the needs of the actual package.
These guidelines should only be used as a starting point. A proper design of experiment
should be done so that resulting data can be used for the intended purpose.
Recommendations for Further Studies
As new liner structures and plastics are developed, additional torque data will
need to be gathered to see how packages will perform.
A point of interest observed during this thesis is the dip and recovery shown in the
synthetic Selig liner. Additional torque studies could be performed between the five
minute and 24 hour time point to better understand what is actually happening. Cross
sectional examination of the liner structure during induction sealing may also shed light
on the dip and recovery trend. If the cause of the dip and recovery can be found, a
different material choice may aid in reducing or eliminating the torque dip and recovery.
Although the new Selig liner will be used, package development should continue
to work on new structures as they are developed. A recommendation coming out of the
synthetic liner torque study and line trials is to create a new liner structure that is less
affected by compression and heat. A possible solution would be a blend of
polypropylene with the C25P foam. To address the foam shear (as seen on line tests) a
PET skin should be added to the glue contact surface. When a new liner structure is
28
available, a torque study and line testing should be done. This could allow for a higher
target application torque and the ability to use a lower induction seal current percentage.
Other plastic additives and their effects on torque would be a very interesting area
to study further. A torque study could be done looking at the differences between
colorants or UV inhibitors.
Another interesting torque study would be to see if there is a direct correlation
between a bottle's dyne levels and removal torque. Bottles that haven't been flame or
corona treated would be recommended for this type of torque study.
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Zinc / Flame Bottles
Table A1
Zinc Stearate Torque Retention 0 Minutes
6 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
6 in/ibs

















































Zinc Remove Plain Remove
Mean 4.370625 5.081875 Mean 4.370625 5.081875
Variance 0.142141532 0.252938306 Variance 0.142141532 0.252938306
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.197539919
F 0.561961271 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.056961259 df 62
F Critical one-tail 0.548807222 tStat -6.401103283
P(F<=f) one-tail > 0.05, therefore assume equal P(T<=t) one-tail 1.15586E-08
t Critical one-tail 1 .669804988
P(T<=t) two-tail 2.31172E-08
t Critical two-tail 1.99896931
t Critical two-tail < It Statl, therefore assume unequal
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Table A2
Zinc Stearate Torque Retention 0 Minutes
Zinc / Flame Bottles
12 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
12 in/lbs






































t-Test: Two-Sample Assuming Unequal Varianc 9S
Zinc Remove Plain Remove
Mean 8.97125 9.70125 Mean 8.97125 9.70125
Variance 0.270295161 0.611637097 Variance 0.270295161 0.611637097
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 0.44192081 df 54
P(F<=f) one-tail 0.013034957 tStat -4.397240662
F Critical one-tail 0.548807222 P(T<=t) one-tail
t Critical one-tail
2.59279E-05
1 .673565748P(F<=f) one-tail < 0.05, therefore assume unequal
P(T<=t) two-tail 5.18558E-05
t Critical two-tail 2.004881026
t Critical two-tail < It Statl, therefore assume unequal
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Zinc / Flame Bottles
Table A3
Zinc Stearate Torque Retention 0 Minutes
15 in/lbs














































































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 10.88625 1 1 .925 Mean 10.88625 11.925
Variance 0.642669355 0.357212903 Variance 0.642669355 0.357212903
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.499941129
F 1.799121334 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.05364441 1 df 62
F Critical one-tail 1.822133555 tStat
P(T<=t) one-tail
-5.876403311
8.99606E-08P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1 .669804988
P(T<=t) two-tail 1.79921E-07
t Critical two-tail 1.99896931
t Critical two-tail < It Statl, therefore assume unequal
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Table A4
Zinc Stearate Torque Retention 5 Minutes
Zinc / Flame Bottles
6 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
6iVlbs

















































Zinc Remove Plain Remove
Mean 4.165 4.098125 Mean 4.165 4.098125
Variance 0.184748387 0.144654435 Variance 0.184748387 0.144654435
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.164701411
F 1.277170565 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.249912025 df 62
F Critical one-tail 1.822133555 tStat
P(T<=t) one-tail
0.659136143
0.256124555P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.51224911
t Critical two-tail 1.99896931
t Critical two-tail > It Statl, therefore assume equal
35
Table A5
Zinc / Flame Bottles
Zinc Stearate Torque Retention 5 Minutes
12 in/lbs
















































































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
t-Test: Two-Sample Assuming Unequal Variances
Zinc Remove Plain Remove




































t Critical two-tail < It Statl, therefore assume unequal
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Zinc / Flame Bottles
Table A6
Zinc Stearate Torque Retention 5 Minutes
15 in/lbs






































F-Test Two-Sample for Variances
Plain Bottles
Zinc Remove Plain Remove
15 in/lbs






































t-Test: Two-Sample Assuming Unequal Variances
Zinc Remove Plain Remove
Mean 10.446875 9.940625 Mean 10.446875 9.940625
Variance 0.192738306 0.672477016 Variance 0.192738306 0.67247701 6
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 0.286609508 df 47
P(F<=f) one-tail 0.000406431 tStat 3.078774809
F Critical one-tail 0.548807222 P(T<=t) one-tail
t Critical one-tail
0.001732535
1 .677926775P(F<=f) one-tail < 0.05, therefore assume unequal
P(T<=t) two-tail 0.003465071
t Critical two-tail 2.011738616
t Critical two-tail < It Statl, therefore assume unequal
37
Table A7
Zinc Stearate Torque Retention 48 Hours
Zinc / Flame Bottles
6 in/lbs






































F-Test Two-Samp e for Variances
Zinc Remove Plain Remove
Plain Bottles
6 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 3.543225806 3.671875 Mean 3.543225806 3.671875
Variance 0255389247 0.21927379 Variance 0.255389247 0.21927379
Observations 31 32 Observations 31 32
df 30 31 Pooled Variance 0.23703549
F 1.164704851 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.337431267 df 61
F Critical one-tail 1 .828343699 tStat
P(T<=t) one-tail
-1 .048542266
0.149262791P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1.670218808
P(T<=t) two-tail 0298525582
t Critical two-tail 1.999624146
t Critical two-tail > It Statl, therefore assume equal
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Zinc / Flame Bottles
Table A8
Zinc Stearate Torque Retention 48 Hours
12 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
12 in/lbs






































t-Test: Two-Sample Assuming Unequal Variances










































P(F<=f) one-tail < 0.05, therefore assume unequal
t Critical two-tail > It Statl, therefore assume equal
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Table A9
Zinc / Flame Bottles
Zinc Stearate Torque Retention 48 Hours
15 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
15 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 8.444375 8.193125 Mean 8.444375 8.193125
Variance 0.302341532 0.460041532 Variance 0.302341532 0.460041532
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.381191532
F 0.657204863 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.124045694 df 62
F Critical one-tail 0.548807222 tStat
P(T<=t) one-tail
1.627775245
0.054322168P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1.669804988
P(T<=t) two-tail 0.108644337
t Critical two-tail 1.99896931




Zinc Stearate Torque Retention 1 Week
6 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
6iVlbs

















































Zinc Remove Plain Remove
Mean 3.415 3.660625 Mean 3.415 3.660625
Variance 0.41396129 0215186694 Variance 0.41396129 0215186694
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 1 .923730894 df 56
P(F<=f) one-tail 0.036633313 tStat -1.751746072
F Critical one-tail 1.822133555 P(T<=t) one-tail 0.042646147
P(F<=f) one-tail < 0.05, therefore assume unequal t Critical one-tail 1.672522103
P(T<=t) two-tail 0.085292295
t Critical two-tail 2.003239388
t Critical two-tail > It Statl, therefore assume equal
41
Table All
Zinc Stearate Torque Retention 1 Week
Zinc / Flame Bottles
12 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
12 in/lbs








































t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 6.468125 6.22125 Mean 6.468125 6.22125
Variance 0.240460887 0.344230645 Variance 0.240460887 0.344230645
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.292345766
F 0.698545846 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.161553337 df 62
F Critical one-tail 0.548807222 tStat
P(T<=t) one-tail
1 .826369727
0.036304987P(F<=f) one-tail > 0.05, therefore assume equa
t Critical one-tail 1.669804988
P(T<=t) two-tail 0.072609974
t Critical two-tail 1.99896931
t Critical two-tail > It Statl, therefore assume equal
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Table A12
Zinc Stearate Torque Retention 1 Week
Zinc / Flame Bottles
15 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
15 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 8.309375 7.32875 Mean 8.309375 7.32875
Variance 0.700438306 0.468669355 Variance 0.700438306 0.468669355
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.584553831
F 1.49452551 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.134376936 df 62
F Critical one-tail 1.822133555 tStat 5.130393738
P(F<=f) one-tail > 0.05, therefore assume equal P(T<=t) one-tail 1 .53904E-06
t Critical one-tail 1 .669804988
P(T<=t) two-tail 3.07808E-06
t Critical two-tail 1.99896931
t Critical two-tail < It Statl, therefore assume unequal
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Table A13
Zinc Stearate Torque Retention 2 Weeks
Zinc / Flame Bottles
6 in/lbs






































F-Test Two-Samp e for Variances
Zinc Remove Plain Remove
Plain Bottles
6 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 3.44884375 3.629677419 Mean 3.44884375 3.629677419
Variance 0.258889878 0294849892 Variance 0.258889878 0.294849892
Observations 32 31 Observations 32 31
df 31 30 Pooled Variance 0.276575131
F 0.878039588 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.360111584 df 61
F Critical one-tail 0.546942935 t Stat -1 .364452096
P(F<=f) one-tail > 0.05, therefore assume equal P(T<=t) one-tail 0.088719011
t Critical one-tail 1.670218808
P(T<=t) two-tail 0.177438021
t Critical two-tail 1.999624146
t Critical two-tail > It Statl, therefore assume equal
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Table A14
Zinc Stearate Torque Retention 2 Weeks
Zinc / Flame Bottles
12 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
12 in/lbs






































t-Test: Two-Sample Assuming Unequal Variances




































t Critical two-tail > It Statl, therefore assume equal
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Table AI 5
Zinc Stearate Torque Retention 2 Weeks
Zinc / Flame Bottles
15 in/lbs






































F-Test Two-Sample for Variances
Zinc Remove Plain Remove
Plain Bottles
15 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Zinc Remove Plain Remove
Mean 7.439375 7.456875 Mean 7.439375 7.456875
Variance 0.353044758 0.46467379 Variance 0.353044758 0.46467379
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.408859274
F 0.759769037 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.224367574 df 62
F Critical one-tail 0.548807222 tStat -0.109474032
P(F<=f) one-tail > 0.05, therefore assume equal P(T<=t) one-tail 0.456590041
t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.913180083
t Critical two-tail 1 .99896931
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Liner Conversion Torque Retention 0 Minutes
Unipac Liner
6 in/lbs 6 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 6.10 4.74 1 6.06 4.34
2 6.00 4.14 2 6.02 3.68
3 6.04 4.86 3 6.06 4.96
4 6.04 5.02 4 6.04 4.34
5 6.08 4.90 5 6.16 4.98
6 6.04 3.88 6 6.06 4.36
7 6.02 3.94 7 6.06 5.52
8 6.00 4.38 8 6.14 5.22
9 6.08 4.90 9 6.06 4.72
10 6.04 3.94 10 6.06 4.84
11 6.02 3.50 11 6.16 5.44
12 6.00 4.30 12 6.10 4.64
13 6.06 4.60 13 6.12 5.08
14 6.08 3.94 14 6.08 4.96
15 6.06 4.90 15 6.18 5.02
16 6.04 3.80 16 6.00 4.22
17 6.02 3.86 17 6.04 3.88
18 6.08 3.80 18 6.00 4.50
19 6.06 3.94 19 6.04 2.56
20 6.06 4.92 20 6.02 4.60
21 6.08 4.58 21 6.10 4.22
22 6.00 3.86 22 6.18 5.66
23 6.04 4.26 23 6.02 2.64
24 6.06 4.40 24 6.10 4.44
25 6.10 4.94 25 6.08 5.78
26 6.06 5.14 26 6.08 4.80
27 6.02 2.54 27 6.10 4.26
28 6.06 4.28 28 6.10 4.38
29 6.02 3.68 29 6.04 4.72
30 6.04 5.72 30 6.04 4.60
31 6.02 4.78 31 6.02 4.74
32 6.10 5.00 32 6.06 5.42
Average 6.05 4.36 Average 6.07 4.61
Min 6.00 2.54 Min 6.00 2.56
Max 6.10 5.72 Max 6.18 5.78
Range 0.10 3.18 Range 0.18 3.22
Std 0.03 0.63 Std 0.05 0.72









t-Test: Two-Sample Assuming Equal Variances


































Liner Conversion Torque Retention 0 Minutes
Unipac Liner
14 in/lbs 14 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 14.20 10.38 1 14.26 12.60
2 14.20 11.20 2 14.26 9.90
3 14.00 11.48 3 14.26 10.24
4 14.28 10.94 4 14.28 10.94
5 14.22 9.78 5 14.28 11.58
6 14.22 11.46 6 14.26 10.24
7 14.20 10.76 7 14.22 10.58
8 14.22 10.10 8 14.22 9.82
9 14.22 11.66 9 14.00 11.28
10 14.20 11.94 10 14.22 10.80
11 14.28 10.32 11 1424 10.42
12 14.22 11.18 12 14.30 10.84
13 14.22 10.88 13 14.22 9.92
14 14.22 12.52 14 14.26 11.50
15 14.20 12.26 15 14.28 11.74
16 14.30 11.00 16 14.26 10.24
17 14.24 11.16 17 14.20 11.20
18 14.00 12.50 18 14.28 10.92
19 14.22 10.88 19 14.24 9.56
20 14.22 10.86 20 14.28 8.32
21 14.22 11.30 21 14.26 10.10
22 14.22 11.56 22 14.24 10.84
23 14.22 10.76 23 14.24 9.82
24 14.20 11.14 24 14.26 10.66
25 14.16 11.86 25 14.28 11.38
26 14.18 12.22 26 14.26 11.30
27 14.20 12.50 27 14.22 11.10
28 14.20 11.72 28 14.20 9.32
29 14.20 11.76 29 14.24 11.14
30 14.24 11.14 30 14.20 10.74
31 14.28 11.90 31 14.26 11.86
32 14.22 11.58 32 14.20 10.68
Average 14.21 11.33 Average 14.24 10.67
Min 14.00 9.78 Min 14.00 8.32
Max 14.30 12.52 Max 14.30 12.60
Range 0.30 2.74 Range 0.30 4.28
Std 0.06 0.69 Std 0.05 0.84


































t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.001 1 231 55









>ion Torque Retention 0 Minutes
Unipac Liner
16 in/lbs 16 n/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 16.00 13.52 1 16.00 11.24
2 16.06 12.84 2 16.00 9.34
3 16.00 12.24 3 16.02 12.48
4 16.00 12.26 4 16.00 11.92
5 1 6.02J 12.86 5 16.00 10.72
6 16.00 12.38 6 16.00 10.64
7 16.00 12.94 7 16.02 10.36
8 16.00 13.02 8 16.00 11.50
9 16.00 12.24 9 16.00 9.14
10 16.00 13.16 10 16.00 10.06
11 16.00 12.50 11 16.00 10.50
12 16.00 12.02 12 16.00 11.38
13 16.00 12.14 13 16.00 11.50
14 16.00 11.68 14 16.00 11.72
15 16.00 12.66 15 16.00 12.48
16 16.02 12.18 16 16.00 11.28
17 16.00 11.82 17 16.00 10.38
18 16.00 13.84 18 16.00 10.94
19 16.00 12.68 19 16.02 10.88
20 16.00 12.76 20 16.00 10.74
21 16.00 13.56 21 16.00 12.02
22 16.00 12.76 22 16.00 9.44
23 16.00 12.10 23 16.00 8.82




26 16.00 12.12 26 16.00 10.32
27 16.00 13.16 27 16.00 [ 1 1 .04
28 16.00 13.34 28 16.00 11.64
29 16.00 11.96 29 16.00 14.30
30 16.02 12.20 30 16.00 10.44
31 16.00 13.00 31 16.00 12.08
32 16.00 14.30 32 16.00 10.56
Average 16.01 12.67 Average 16.00 11.01
Min 16.00 11.66 Min 16.00 8.82
Max 16.08 14.30 Max 16.02 14.30
Range 0.08 2.64 Range 0.02 5.48
Std 0.02 0.65 Std 0.01 1.10





















































Liner Conversion Torque Retention 5 Minutes
Unipac Liner
6 in/lbs 6 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 6.06 4.54 1 6.10 5.04
2 6.08 4.90 2 6.12 4.82
3 6.04 4.64 3 6.04 3.52
4 6.06 5.24 4 6.02 4.30
5 6.14 4.70 5 6.02 1.80
6 6.06 4.82 6 6.06 4.60
7 6.18 4.94 7 6.10 4.72
8 6.04 4.94 8 6.06 5.34
9 6.04 4.16 9 6.16 4.52
10 6.06 4.52 10 6.02 3.46
11 6.14 3.82 11 6.08 4.54
12 6.02 4.32 12 6.02 3.90
13 6.10 4.22 13 6.08 4.76
14 6.04 3.98 14 6.06 4.12
15 6.02 4.48 15 6.04 3.82
16 6.02 3.66 16 6.06 4.50
17 6.06 4.38 17 6.02 4.42
18 6.08 3.84 18 6.04 4.84
19 6.02 4.50 19 6.06 4.42
20 6.02 4.58 20 6.08 4.78
21 6.04 4.62 21 6.14 1.36
22 6.00 4.14 22 6.04 4.92
23 6.06 4.64 23 6.14 4.26
24 6.06 4.00 24 6.16 5.52
25 6.04 420 25 6.02 4.64
26 6.06 4.50 26 6.02 3.22
27 6.02 2.70 27 6.12 4.42
28 6.06 4.36 28 6.20 4.34
29 6.08 4.54 29 6.04 3.64
30 6.02 4.40 30 6.08 3.68
31 6.14 4.98 31 6.08 4.70
32 6.02 4.42 32 6.14 1.54
Average 6.06 4.40 Average 6.08 4.14
Min 6.00 2.70 Min 6.02 1.36
Max 6.18 5.24 Max 6.20 5.52
Range 0.18 2.54 Range 0.18 4.16
Std 0.04 0.48 Std 0.05 0.99









t-Test: Two-Sample Assuming Unequal Varianc 3S




























t Critical two-tail > It Statl, therefore assume equal
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Table B5
Liner Conversion Torque Retention 5 Minutes
Selig Liner
14 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
14 in/lbs






































t-Test: Two-Sample Assuming Unequal Variances
Selig Remove Unipac Remove
Mean 10.378125 10.096875 Mean 10.378125 10.096875
Variance 1.977660887 0.581241532 Variance 1 .977660887 0.581241532
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 3.4024769 df 48
P(F<=f) one-tail 0.000510384 tStat 0.994582144
F Critical one-tail 1.822133555 P(T<=t) one-tail 0.162463549
P(F<=f) one-tail < 0.05, therefore assume unequal t Critical one-tail 1.677224191
P(T<=t) two-tail 0.324927097
t Critical two-tail 2.01063358




Liner Conversion Torque Retention 5 Minutes
16 in/lbs






































F-Test Two-Sample for Variances



















P(F<=f) one-tail < 0.05, therefore assume unequal
Unipac Liner
16 n/lbs






































t-Test: Two-Sample Assuming Unequal Varianc=s








t Critical one-tail 1 .675284693
P(T<=t) two-tail 0.001 1 01 888
t Critical two-tail 2.007582225






Liner Conversion Torque Retention 24 Hours
Selig Liner
6 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
6in/lbs






































t-Test: Two-Sample Assuming Unequal Variances
Selig Remove Unipac Remove
Mean 3.1825 3.160625 Mean 3.1825 3.160625
Variance 0.420896774 0.8976125 Variance 0.420896774 0.8976125
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 0.468906988 df 55
P(F<=f) one-tail 0.019347052 tStat 0.107765924
F Critical one-tail 0.548807222 P(T<=t) one-tail
t Critical one-tail
0.457286772
1.673033694P(F<=f) one-tail < 0.05, therefore assume unequal
P(T<=t) two-tail 0.914573543
t Critical two-tail 2.004044291




Liner Conversion Torque Retention 24 Hours
Unipac Liner
14 in/lbs 14 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 14.20 8.34 1 14.00 8.50
2 14.22 6.40 2 14.20 8.20
3 14.28 8.48 3 14.30 9.00
4 14.20 8.00 4 14.20 9.16
5 14.22 5.32 5 14.24 8.44
6 14.20 9.50 6 14.22 8.54
7 14.20 7.94 7 14.20 7.58
8 14.20 6.12 8 14.22 9.52
9 14.22 7.58 9 14.24 7.06
10 14.22 7.50 10 14.20 9.60
11 14.20 8.74 11 14.20 10.02
12 14.00 6.56 12 14.20 8.26
13 14.20 6.32 13 14.28 9.66
14 14.22 6.90 14 14.20 9.52
15 14.28 7.94 15 14.20 8.84
16 14.20 8.66 16 14.24 9.60
17 14.22 7.72 17 14.00 9.12
18 14.20 7.14 18 14.20 9.16
19 14.22 6.72 19 14.24 8.52
20 14.22 8.40 20 14.20 6.70
21 14.22 6.38 21 14.20 9.36
22 14.26 7.68 22 14.00 9.22
23 14.20 6.40 23 14.22 5.30
24 14.28 7.26 24 14.28 8.52
25 14.22 6.28 25 14.22 5.18
26 14.22 7.68 26 14.20 7.42
27 14.20 7.16 27 14.00 9.68
28 14.22 8.00 28 14.20 9.52
29 14.22 6.30 29 14.24 7.56
30 14.22 8.60 30 14.20 9.18
31 14.22 7.56 31 14.26 8.52
32 14.22 8.22 32 14.24 8.92
Average 14.21 7.43 Average 14.20 8.54
Min 14.00 5.32 Min 14.00 5.18
Max 14.28 9.50 Max 14.30 10.02
Range 0.28 4.18 Range 0.30 4.84
Std 0.05 0.96 Std 0.08 1.19


































t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.0001 1 6254




t Critical two-tail < It Statl, therefore assume unequal
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Table B9
Liner Conversion Torque Retention 24 Hours
Selig Liner
16 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
16 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Selig Remove Unipac Remove
Mean 8.805625 9.019375 Mean 8.805625 9.01 9375
Variance 1.010406048 1 .733406048 Variance 1.010406048 1 .733406048
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 1 .371906048
F 0.582902113 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.069214459 df 62
F Critical one-tail 0.548807222 tStat -0.72996818
P(F<=f) one-tail > 0.05, therefore assume equal P(T<=t) one-tail 0.234079404
t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.468158809
t Critical two-tail 1.99896931
t Critical two-tail > It Statl, therefore assume equal
56
Table BIO
Liner Conversion Torque Retention 48 Hours
Selig Liner
6 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
6 in/lbs






































t-Test Two-Sample Assuming Unequal Variances
Selig Remove Unipac Remove
Mean 4.532258065 4271875 Mean 4.532258065 4.271875
Variance 0223191398 0.679841532 Variance 0223191398 0.679841532
Observations 31 32 Observations 31 32
df 30 31 Hypothesized Mean Difference 0
F 0.328299151 df 50
P(F<=f) one-tail 0.001505517 tStat 1 .543872807
F Critical one-tail 0.545050227 P(T<=t) one-tail 0.064462669
P(F<=f) one-tail < 0.05, therefore assume unequal t Critical one-tail 1.675905423
P(T<=t) two-tail 0.128925337
t Critical two-tail 2.008559932
t Critical two-tail > It Statl, therefore assume equal
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Table Bll
Liner Conversion Torque Retention 48 Hours
Selig Liner
14 in/lbs






































F-Test Two-Samp e for Variances

















F Critical one-tail 0.548807222
P(F<=f) one-tail > 0.05, therefore assume equal
Unipac Liner
14 in/lbs






































t-Test: Two-Sample Assuming Equal Variances









t Critical one-tail 1 .669804988
P(T<=t) two-tail 5.1 6768E-05
t Critical two-tail 1.99896931







Liner Conversion Torque Retention 48 Hours
Unipjic Liner
16 in/lbs 16 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 16.00 10.82 1 16.00 10.14
2 16.00 11.74 2 16.00 10.10
3 16.00 11.76 3 16.00 10.52
4 16.00 10.56 4 16.00 9.72
5 16.00 11.18 5 16.00 10.08
6 16.00 10.58 6 16.00 11.66
7 16.00 11.12 7 16.00 10.42
8 16.00 10.78 8 16.00 11.02
9 16.00 11.00 9 16.00 10.18
10 16.00 10.98 10 16.00 9.40
11 16.00 10.94 11 16.00 9.74
12 16.00 10.40 12 16.00 10.30
13 16.00 11.44 13 16.00 10.72
14 16.00 11.18 14 16.00 9.20
15 16.00 10.84 15 16.00 10.28
16 16.00 12.20 16 16.00 10.44
17 16.00 11.00 17 16.00 10.56
18 16.00 11.06 18 16.00 10.58
19 16.00 10.62 19 16.00 10.48
20 16.00 11.94 20 16.00 1024
21 16.00 11.50 21 16.00 11.04
22 16.00 11.88 22 16.00 9.16
23 16.00 10.54 23 16.00 9.82
24 16.00 11.02 24 16.00 8.90
25 16.00 10.92 25 16.00 10.28
26 16.00 11.64 26 16.00 9.82
27 16.00 11.68 27 16.00 10.38
28 16.00 11.48 28 16.00 8.52
29 16.00 11.46 29 16.00 9.50
30 16.00 9.84 30 16.00 9.76
31 16.00 10.90 31 16.00 9.74
32 16.00 10.42 32 16.00 10.86
Average
^
16.00 11.11 Average 16.00 10.11
Min 16.00 9.84 Min 16.00 8.52
Max 16.00 12.20 Max 16.00 11.66
Range 0.00 2.36 Range 0.00 3.14
Std 0.00 0.53 Std 0.00 0.66


































t Critical one-tail 1 .669804988
P(T<=t) two-tail 7.7941 5E-09




t Critical two-tail < It Statl, therefore assume unequal
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Table B 13
Liner Conversion Torque Retention 1 Week
Selig Liner
6 in/lbs






































F-Test Two-Sample for Variances
Se//c7 Remove Unipac Remove
Unipac Liner
6 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Se//c7 Remove Unipac Remove
Mean 4.3475 4.97125 Mean 4.3475 4.97125
Variance 0.310496774 0.485598387 Variance 0.310496774 0.485598387
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.398047581
F 0.639410637 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.109361548 df 62




P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.000199476
t Critical two-tail 1.99896931
t Critical two-tail < It Statl, therefore assume unequal
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Table B 14
Liner Conversion Torque Retention 1 Week
Selig Liner
14 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
14 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Selig Remove Unipac Remove
Mean 9.335 9.17125 Mean 9.335 9.17125
Variance 0.422503226 0.391430645 Variance 0.422503226 0.391430645
Observations 32 32 Observations 32 32
df 31 31 Pooled Variance 0.406966935
F 1.079382085 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.41647328 df 62




P(F<=f) one-tail > 0.05, therefore assume equa
t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.308530724
t Critical two-tail 1.99896931




Liner Conversion Torque Retention 1 Week
UnipE c Liner
16 in/lbs 16 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 16.00 10.28 1 16.00 11.16
2 16.00 11.04 2 16.00 11.58
3 16.00 10.36 3 16.00 10.34
4 16.00 11.86 4 16.00 8.80
5 16.00 10.66 5 16.00 10.62
6 16.00 11.90 6 16.00 9.70
7 16.00 10.14 7 16.00 11.04
8 16.00 11.16 8 16.00 10.96
9 16.00 10.24 9 16.00 10.46
10 16.00 10.26 10 16.00 9.96
11 16.00 11.54 11 16.02 10.90
12 16.00 10.88 12 16.08 10.42
13 16.00 9.56 13 16.00 10.96
14 16.00 11.86 14 16.00 10.34
15 16.00 10.76 15 16.10 10.10
16 16.00 11.32 16 16.02 10.54
17 16.00 10.68 17 16.00 10.30
18 16.00 10.86 18 16.00 11.28
19 16.00 11.28 19 16.00 10.52
20 16.00 10.74 20 16.00 8.64
21 16.00 10.54 21 16.00 8.66
22 16.00 9.72 22 16.00 9.64
23 16.00 11.46 23 16.00 10.04
24 16.00 l_ 12.22 24 16.00 9.58
25 16.00 10.34 25 16.00 10.92
26 16.00 11.54 26 16.00 9.70
27 16.00 11.18 27 16.00 9.50
28 16.00 10.96 28 16.00 10.00
29 16.00 10.98 29 16.06 10.34
30 16.00 10.60 30 16.02 10.56
31 16.00 10.90 31 16.00 10.36
32 16.00 11.60 32 16.00 10.44
Average 16.00 10.92 Average 16.01 10.26
Min 16.00 9.56 Min 16.00 8.64
Max 16.00 12.22 Max 16.10 11.58
Range 0.00 2.66 Range 0.10 2.94
Std 0.00 0.64 Std 0.02 0.72


































t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.000269883




t Critical two-tail < It Statl, therefore assume unequal
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Table B 16
Liner Conversion Torque Retention 2 Weeks
Selig Liner
6 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
6 in/lbs






































t-Test: Two-Sample Assuming Equal Variances
Se/Zg Remove Unipac Remove
Mean 3.956129032 4.154375 Mean 3.956129032 4.154375
Variance 0.589051183 0.556547984 Variance 0.589051183 0.556547984
Observations 31 32 Observations 31 32
df 30 31 Pooled Variance 0.572533164
F 1.058401431 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.437451113 df 61
F Critical one-tail 1 .828343699 tStat
P(T<=t) one-tail
-1 .039655846
0.151301615P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1.670218808
P(T<=t) two-tail 0.30260323
t Critical two-tail 1.999624146
t Critical two-tail > It Statl, therefore assume equal
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Table B 17
Liner Conversion Torque Retention 2 Weeks
Selig Liner
14 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
14 in/lbs






































t-Test: Two-Sample Assuming Unequal Variances
Selig Remove Unipac Remove
Mean 8.721875 8.899375 Mean 8.721875 8.899375
Variance 0.289093145 0.797328629 Variance 0289093145 0.797328629
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 0.362577154 df 51
P(F<=f) one-tail 0.003023202 tStat
-0.96332785




P(F<=f) one-tail < 0.05, therefore assume unequal
P(T<=t) two-tail 0.339928622
t Critical two-tail 2.007582225











































F-Test Two-Samp le for Variances
Selig Remove Unipac Remove
Liner Conversion Torque Retention 2 Weeks
Unipac Liner
16 n/lbs






































t-Test: Two-Sample Assuming Equal Variances
Selig Remove Unipac Remove
Mean 9.930625 9.895625 Mean 9.930625 9.895625
Variance 0.562244758 0.513696371 Variance 0.562244758
0.513696371
Observations 32 32 Observations 32
32
df 31 31 Pooled Variance 0.537970565
F 1 .094507943 Hypothesized Mean Difference 0
P(F<=f) one-tail 0.401549948 df
62




P(F<=f) one-tail > 0.05, therefore assume equal
t Critical one-tail 1 .669804988
P(T<=t) two-tail 0.849247284
t Critical two-tail 1.99896931




Liner Conversion Torque Retention 4 Weeks
Unipac Liner
6 in/lbs 6 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 6.10 1.36 1 6.22 1.36
2 6.08 4.96 2 6.00 4.34
3 6.10 4.28 3 6.12 5.02
4 6.08 4.64 4 6.12 1.38
5 6.10 3.74 5 6.00 4.38
6 6.08 2.10 6 6.08 4.22
7 6.06 4.56 7 6.10 1.28
8 6.22 5.02 8 6.20 2.80
9 6.06 4.54 9 6.10 1.60
10 6.12 4.42 10 6.06 3.30
11 6.10 1.42 11 6.12 1.32
12 6.10 3.48 12 6.08 4.90
13 6.10 3.58 13 6.06 3.20
14 6.10 3.64 14 6.14 4.40
15 6.06 3.32 15 6.08 5.18
16 6.10 2.88 16 6.16 4.56
17 6.16 4.76 17 6.06 3.18
18 6.08 4.18 18 6.08 4.90
19 6.22 4.46 19 6.06 3.12
20 6.08 4.24 20 6.10 2.80
21 6.14 4.20 21 6.10 4.20
22 6.10 3.94 22 6.12 5.00
23 6.12 4.22 23 6.08 3.90
24 6.08 4.38 24 6.06 1.20
25 6.08 4.92 25 6.12 3.82
26 6.06 3.48 26 6.20 4.34
27 6.20 4.36 27 6.10 1.10
28 6.12 5.72 28 6.10 4.40
29 6.08 5.16 29 6.16 4.94
30 6.06 5.16 30 6.00 5.08
31 6.10 4.58 31 6.08 3.54
32 6.12 4.72 32 6.08 4.76
Average 6.11 4.08 Average 6.10 3.55
Min 6.06 1.36 Min 6.00 1.10
Max 6.22 5.72 Max 6.22 5.18
Range 0.16 4.36 Range 0.22 4.08
Std 0.04 1.01 Std 0.05 1.37









t-Test: Two-Sample Assuming Unequal Varianc=s















Hypothesized Mean Difference 0
df 57
t Stat 1 .754597434














Liner Conversion Torque Retention 4 Weeks
Unipac Liner
14 in/lbs 14 in/lbs
# Selig Apply Selig Remove # Unipac Apply Unipac Remove
1 14.04 9.22 1 14.04 8.56
2 14.06 9.60 2 14.02 7.92
3 14.10 9.22 3 14.06 7.26
4 14.08 8.66 4 14.10 8.60
5 14.06 8.76 5 14.04 8.10
6 14.00 9.22 6 14.06 9.40
7 14.06 9.72 7 14.10 8.60
8 14,06 9.66 8 14.04 9.44
9 14.04 10.04 9 14.08 8.32
10 14.04 9.16 10 14.08 9.08
11 14.00 8.80 11 14.02 9.30
12 14.02 9.30 12 14.08 8.00
13 14.06 9.28 13 14.04 7.26
14 14.06 10.04 14 14.04 8.72
15 14.08 8.52 15 14.00 8.74
16 14.04 7.44 16 14.02 8.70
17 14.06 9.14 17 14.10 8.44
18 14.02 8.86 18 14.10 8.74
19 14.04 9.52 19 14.02 8.64
20 14.06 8.82 20 14.10 9.18
21 14.08 9.22 21 14.08 822
22 14.06 9.46 22 14.04 7.26
23 14.08 9.32 23 14.08 7.78
24 14.04 8.78 24 14.02 8.14
25 14.06 9.00 25 14.02 9.38
26 14.08 9.56 26 14.10 9.96
27 14.04 9.40 27 14.12 8.44
28 j 14.08 9.36 28 14.04 8.44
29 14.12 9.54 29 14.02 7.68
30 14.08 9.74 30 14.00 7.92
31 14.08 8.44 31 14.10 7.88
32 14.04 8.96 32 14.10 8.06
Average 14.06 9.18 Average 14.06 8.44
Min 14.00 7.44 Min 14.00 7.26
Max 14.12 10.04 Max 14.12 9.96
Range 0.12 2.60 Range 0.12 2.70
Std 0.03 0.51 Std 0.04 0.67









t-Test: Two-Sample Assuming Equal Variances


































Liner Conversion Torque Retention 4 Weeks
16 in/lbs






































F-Test Two-Samp e for Variances
Selig Remove Unipac Remove
Unipac Liner
16 in/lbs






































t-Test: Two-Sample Assuming Unequal Variances
Selig Remove Unipac Remove
Mean 9.950625 9.3175 Mean 9.950625 9.3175
Variance 0.502038306 1.168922581 Variance 0.502038306 1.168922581
Observations 32 32 Observations 32 32
df 31 31 Hypothesized Mean Difference 0
F 0.429488073 df 53
P(F<=f) one-tail 0.010701318 tStat
2.770647718




P(F<=f) one-tail < 0.05, therefore assume unequal
P(T<=t) two-tail 0.007697807
t Critical two-tail 2.005745046




Figure CI. Zinc Stearate Case Study 6 in/lbs Degradation Graph 70
Figure C2. Zinc Stearate Case Study 15 in/lbs Degradation Graph 70
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Figure Dl. Synthetic Liner Case Study 6 in/lbs Degradation Graph 73
Figure D2. Synthetic Liner Case Study 16 in/lbs Degradation Graph 73
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